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(54) METHOD AND INSTRUMENT FOR THICKNESS MEASUREMENT AND WAFER 

(57)Abstract 

PROBLEM TO BE SOLVED: To prevent a body to be measured from being damaged 
and contaminated and so on by practically measuring the thickness of the object body 
without contacting. 

SOLUTION: The terahertz pulse light emitted by a teraheltz light generator 7 irradiates 
the body 20 to be measured. The teraheltz pulse light transmitted through the body 20 
to be measured is detected by a teraheltz light detector 11. While a movable mirror 10 
is shifted, the detector 1 1 is gated to measure the time-series waveform of the 
electric field intensity of the transmitted light from the body 20 to be measured. 
According to the measured time-series waveform, the thickness of the object body 20 
is computed. 
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m&BW&mm* ?-v l xmcmmm 
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*8«4 T mm 7 Ett©flH*jWt*a. 
[»*S9 3 IWB«IB««!ll^**»*iWBai«©if 
©Milt, !«EJail8»tSff©Ji*B*«:*fLr9fSE© 

ftommmzy- v *-w& bxmzffimmmmizxtt) 
6 c tzm®. 4 f mm 7 x« 8 &m>m&M5&j 

mm 1 0 3 mimmimmx mmmmifm® 
10 j§**k*H/T. wsitmytmmmzmz-znmm. 

zmit r mm 9 nxtvB&msttm. 

mm 1 1 3 mummmm^ ms&mmkfm<D 

#m4-r^it*s9x»i oiEtt©»*aj3e*ft. 
mm&m 7 - l r^/cjsjg»«t#©&ffi 
20 ftvimticm-i^x* m&M-fr**toz>%m*%tsz 
[H*^i3 3 WKW***»swiEa»«. Miait 

t?c 4^^4T€>is*«4iBtg©if trnmum. 

mm 1 4 3 «EtH»@***$X7vr**C 4«:!Rf 
^4TSI«*« 1 71S 1 3 ©l»rti*»{cEtt©Ji*«5E 

7^7^;U7^-;u^^©|6ig|J4ig|64g|5*>6^l/T»f 

moM&zMxMMtzrv^ivjwzftzikmz 

^--S c 4 K J: 0 BofBttaiJ^^^jSU-Ciifa^WgPK: <fc 

40 m>hw as4 ?tc 4 ^iwii-r 

1 6 3 mum^tmmt. msftmmm®. 
teK*sK>x\m.?zw§k<o^~-x vmonmmcm^ 

X . lufBMI«©JI*^*i* * C 4 ^^f® 4 r saw* 
3S1 5fBt8©/5**J3£$IS. 
[»«3S 1 7 3 milBH-S'JB#^^j^ 

h4©P^©B#P5H^S^^T: > filBMiJ^© 

/s***a>*c tzmmttzmm 1 5iaig©ji*sij 

50 ^IX. 
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mxm 1 8 ] mzm&w* »«. wie#«±fciiriB 

*/MX#©. *$&a©l$^J^r**£&B$&7iJ 
«»4. ful5H-««^«£©M^KS-^^T. pfB 
tttCe»©*****SC t*«Ffti"f 1 5 IB 

[»*3ii9] m&m&mma* anew***** 

h4©IHI©l$IHI3t«:S-5t»T, f?ie»JSa© 

c t*i&mt?m>m. 1 8ie«©j**i» 
[»*S2 0] mtrnmnrnt, mmwmmm 
i©KK*5t>r i ns^itts-f -s^'-x h &©Hi©ii$fflg 

0*7- y xg&OTf#fcJl&&&#©tI»i4fiifBS2£ 

y x^bTf#/di&ifcft#©iIt§4 
©Jt-c* 4ja«[«tt??©Ji^***sJiiB*S»ffl 
4. ®nea»af[tt??©Ji«$*7-yj:$fftL-c^ifflfis 

««i«^©t-i'©i^aiw«ctiMa«KK-3i»ririE» 

#t«**C4*1*«4-r*l»«312 1 IBtl©J**j||£ 

US. 

wi*K#i/T»He©iMaa*ff 5W«ai«***. u 

«»tSI?©Ji«$* 7 - y xSQft LTiTBBI^iai««»^ 
**feSC£?r^m<!:-rSif*«2 lX«2 2IBi&©J? 

Cl»«]12 4 3 IfllBfuMffigPtt. fi)iaS^^©JS 

*»0»<7^*jr';>y«I*ff^Cit1*«4-r* 
2 3 f BtS©J¥#f ■JSg®. 

[tt*«2 5] im«r«ma. wefliHKififf©s 
mmofcim (o*#«f> *a^c4*«F»4-rs» 

*31 2 3 Xtt 2 4 iBt£©Jf 

[M*S2 6 3 BUfB/f^MfgPtt. MIBftI«^iM 

0* 7 - y xse» o -eft )wa«s«??©tttB 4 unaw 

■SRaBBB*?- y xSB!fti/rfffcHjsafc«s»©ti[ffi4 
1 8IBtt©JV»j|CSSS. 
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[M#JI2 7 3 MIBJI^Kff «rctfiMi9^l% 

mmmmi* ? - y xg& Lx^itammm&oms t 

ami z&mvw&wmw. 

8 3 m&mmmifivx-^X'ibzz t*® 

mm. 

9 3 n^m i 1 4©^-rn^«:iBig© 

[00013 

t*©fl*©iW3EK»a-C*4. 
[0 00 2 3 

[fi£5ls©R«3 «»©*»»•> x^©ff*©iW5e*j* 4 
20 L/T, $x^©WffJ*2 0©^^"ClfcfrC4 

[00033 ttc mmmnmthx, ?-yx^& 
ft9Mtft& (ft i r&) j&jfti^nri^. 

[0 0 0 43 

30 [f6!H#»ftl/J:9 4-r*HtlI] UiPLbtfih. BfliB^ 
3fe©«)»K«fcSaW5£*ffi"Ctt. -5 x^tC«j«T-*8jlt3 
ttttWtitf ft 6 tt* fcfcfe. x^*J»0*SW/c 0 

ffi»snyt«j-r**i-€-n*s*oyt. c©*». ^x^© 
[00053 * fc. b«ib7 - y x.$mj&\-ftyt&%¥m 

^, j^*©j8jl*©SiS^fc»-r*JB»*JiWffl3n 
4. -Tftfe^^ *^*©=F#«:J:o"Caji**siI}S8»© 

40 ©/»#£*ar*. o^u. sjiWKffl^ens^i^ 

©W**FT I RCCj;Di'ML/ct^4T4Ji^ ^ffl-T 

fcttiSIHI#>jta&»S©-c. HfflWt?«ct>. m«. 
^K:ffiffl$nS^S { )ft^x7^©Jl^i7 OOuml 

gg[©ffiS-CS'J^t-4/cfe(Ctt. FT I R©fl#S4 L 

T©»«?fiB»9 x i o - 4 THzgarftwntftteft 

l>. FTIR*ffll»TW»j!Mrail**j«&r**:* 
Ktt. iSiJ1^HMt<DTinWi*fR 1 0 c mlg77-f^> 
50 h%«^ft#«6«l*>"r£*3&s*4. 
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[0006] t,a»*>. jEstttaii* i feS'Bfc»Kttpmi 

H£ S N tb ft £ S: "CHS j£« -T 4 

FT I R*««-r4©ttffllt-e*4. *©fc*iC. tfx 
^OliHStli LTttFT I RttJBSfbSftT^ft 

[0 00 7 ] C ©<fc 5 ft*«HC*#T ft 3 ft 

frfc . Hffl«ftw*«3t*ffiRc«ai*awr 4 ci^ 
@W£f 

»##ft<. !fcf n *ft$x;vfell«-r5C££BW£-f 
[0 00 9] 

[ISS£JI?&-f Sfc©©3Mg] fi£*®*ttiWS«ftcfcl> 
^7«fW««J ©ttiMSffi (flIAtf. **M¥8 - 3 2 0 

2 5 4#> *ffli»ft«. %(owmm.(on^mm^n 
[ooio] i/0>i/&#6> cnsr, ^ift^xAf 

t*CiKoi»TB, *©*OT©l£m>-e©3Mfli©iSR? 

±©nJ«Ht©}S»ftir«^<ft*ofc. */c. *©Mffl 

©Af*ttft*ttKot»rfc. ±<Hm*>w««>snri» 

ft*>-jfc„ 

[0011] *36W#tt. tBfflDttB. 
©»*»J€K*Jl»-C 7" 7 -s JU 7 ISNIKttOTiiH^&ftlffl 

-r a jn*wft#a**ia u . snsmttwtBS 

Uc¥g<*2 x^*©j*#W5&&5*f8&r** c 
££fiH§L/c. #IMBtt. C©J:^ft*»W*©W5S© 
&mk £ 1/ T ft S ftfc fc ©t? * & . 
[0012] f ftfr<3. fffBgHS^P^r-S/c©. 
BJ©3f 1 ©S8K «fc SJ*#M?£££tt. ttiMJ©»©/I# 
%»5E^4fl»ilI5e*St?*oT. (a) f-^'Vil/yx 
^x*©|64aj£tt|64g|J*.6|g40-r»fSE©*»*S 

l»T. piB*3§±(cpiB»M^iegL/ct^r\ if 
IBr ^^VUX^c^lulB^S'J^tc.BSI^-r -5 C £ (c 
d: 9 ml B®SJ^£ jiifi 1/ -ClulB^tB^K: J: 0 ttffl 2 ft 

a>w*#©. ««%K©i$$?ft8&?« *tt*mi»*i 

"3<f»TT, BUl3^I«©Jl*?:*S!)eSPg£ ; &fii^/ct 

©-c&s. 

[0013] iifB&l'J^tt. -)xA©«fc 5 (c, #jf*5 
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6ft-54>©T*o"Ct>J:l». 2x^£l/tB\ 

0. 1 x l o' 2 1 0 Ox l o 1 2 ^?*T©S 
^««©*r*4C£#»*U». Cft6©.£«. ft 

[0014] buIB® 1 ©KSK «fcfttf . f-V^fryrtto 
io xftfeSMWKJS** 1 *-* c £ tc J: 0 ttiNStttSI L 

wrrs c £ jw-c* . «ai5e»©8HB-wf sfe^%K±r 
sct^-css. site, friagn ©JBatc^ftw:. kji 

£fcJ£^T»lj©fSlfll*}l< r* C £#T£. HfflW£ft 
[0015] *lffi©g2©mK:J:SJIUMM£#& 

a. unBJUi ©»«{c*ji>T. mimfrzxibzmm 

* Hffl©i^lfflMfcS-5l»'C. tulBMS'J^©/****© 
[0016]^, ■5x^© < fc^{C. #Jf*i 

6ft ^ affW¥«%ft-r*ttSBrr*s *>©£ts„ 

SSI5EW© Alt ffiffi K AM b tc f- ? ^ / <;u^ 

■e©-gp«Ai*ffl-cA*ft-c-e©*s@®tB (xmmt 

S$$M©fl §K'$«y^© WJJ©ffir £ AK« L tc 

sst tcj£ c -cas'M*-e©ii*©f5jfS^©isiitewa 
/f*©fsifg^©i§8t/c was o fcs^K-tft-entaa-r 

&W&<D'i-*h#m%MtiXtimb> M#B (M»l 
«±©8») KW3iJ-r-5^-^htt. »»»©»£*©» 
^© (2M- 1 ) <S©ffijiA:WiijlUte*{C«t*«>©i 
ft 5 . «S95e»©« i«Sl©iJ>ft I >#Kffl3T * >< - X 

h (Tft^^, ^<ara-r*><-*h) «£\ 

40 ftt^/c©, ^©At3»A*<ft^o 

[0017] tLh©ttW*6to*SJ:5{c. ltS'JB#^iJ 

©i?*©wa*^Ti>*. c©/c©, friB02©si« 
^ nai©«fiaiatcas^(,»r. aaBS«j©/P***©4c 

[0018] *#6W©»3 ©»««: J: Si?<^S'J^^iS 
». SusB^ 1 ©MW(c*»(,»"C. WffiW****4WE® 
ff». B?IBfH'J^?IJ^{Cfc^-C 1 #gfCtil3irS^ 

so -*h£2#S{cffl5i-fSrc-* h£©s©B#ra^cS 
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■?t>r. «riBaiiH)i»©/i***»saB*$tot>0"c 

[0 0 19] C©*3©«tt«. WIB»2 ©«»«:*$(,> 
flJt»S<*-Xh*1$5£L;fc *>©?*■&. W&LfcJ: 

Si'. SBS*^&<T*©**3tt*S<fcS. btcffi 

©-c, H#©m©Bmft*«MXA<9*c&#T»«. 
C©fc». «fSB»3©ffittK<fcti«. J:OffiSm<WJ 

mucom^mmrh c two* 
[0020] %mm^A aymwz.z. zmmm-nm 

tt. iflB® 1 ©jgJiK:*}t,>t\ iifBJ?<&£3j<«t>£ii«!Bl2 
»». «TIB3(«±K|WBa«5£«KRitrBfS©im* 

leg uc\m^h^\mm^h^mmmmim 
iiriEttHifiwc-ctftastis^vi/^*©. *«&g©i$$ 
©w&ks-^-c. mummm<om^^it>i>mi 

0. aa©«g-cf#T«Sir©fe©%ffli^<fc^K:i/Tfe 

[0 02 1 ] ftiM9X*ltt£tciS. tS8B5i«J©J**t»« 
©# & 6 r . ffe^S^^HB-^fflSft 4*©# 
feSRSnscitcttS. taSEII*4©»»©J:9K:. ^ 

4 ©mamc*-^ » -c&i «©ji # 

«, aiW5g»©II****4{clSL"C^»<cfl| 
$©f£S£f£$T£ C 4 ajftifc*. 

[0022] *»w©*5 ©iitwc j; zb mm-fsm 

»> IWE*4©MW(C*J(,»T. MIBJf^^^Sb-SBUlB© 
««, WES»^3RWjS»R:*n,»'ClH3H"r*Bf3t©^- 
* h iBulBHTSW^MKfc^-CtB^I-^^©^'- 

«»5l8B*dt?fe©r*S. 

[0023] mm&fmmntct * 4£«i$$?irag 

JB*&fc4*4Ttt. ^J@ft©J5*K«#0T. £££ 

a»>6«aa5*r©*Bs*^{fco. &tHSP^©;-oi,x 
^©swp H w^{frsciic^a. LfcjttfoT. tf-aa 

B|«Wi!»CC*jtf h ©B$fflW&tiLH4a£l5 

^MJfcfcfctt h ©fclfflW&ttiB 4©lffl©il 
«> teffl^O&froimWZ-gAsX'^Z. c©fc«>. m 

5e©m*-* ht©n©l^flBSlK3S-5l>"C. WMWDB 
#£jfc&£C4#-Cfc-S„ 

[0024] xmiome ©sn$5c j: 
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tt. «nE»4©»a«:M>r. i!9fB/5&&*&-5ii&iB& 

~zhtm&mmmffi.Bictoi<>xi&mcmmtz> 

f»£©l«©lSIHIgK:£-3(,»r. SulBWJ^©)! 
[0 02 5] C©!fl6©J§1i», gjr£$5©agSCCfel> 

&4\ ^#4>&<T*©** *?£B$ 
10 Pif(Cfc^T{>«f*5. bfcifi->X> itylBSft6 
©J: £$M$£?!I39£© 1 #B©^-* h 4ff-fPS 
%$i}ffl&<D 1 #§©;<-* h 4©lffl©i^lfflS*ffl«r»n. 
«, ■&^'-Xh©f-i7^ft^<^iJT^Ci^-c 

**©r. w#©n©i^nBS4aiBtfi<#*ci*j"c* 

6. C©/c*. tWB»6©tttt{C«tn«. «fc9fflS&< 

[0026] xmiomi commic£z>Bfrfflmi3& 

tt. lwai4©*tt«:*jir»T. iriBJl^^^^mriBS 

twaiHwie*?a«»*7 - y xa« Lxmcm®. 

20 ttttff©SHf £ 7 - y o -c 

f#fcji^^ft#©^iti 4 oitx $> ^mmkm-^wm 
**#>*>®mt. m%mm.fmomm^ - y 

{cs^»TfraBJ5*%*»*aBt*#t»fe©T*4. 

[0 02 7] ftg8K0(#©!fti$B> MIBibr*^© 
tHHSEW©»S©(IMR*fiB#l/<c*«6. ^SP^* 

30 m>mmti£(^mmm<oKmim^ttix^ 
s. -eL/T. iriBiJSA«$n/cjs^^??©Siiti^ 
£ 7 - y igBft bxmtcmmmmmmt, t-v^w* 
iizMmm&itmmt & mm znvm l tc & © t & 
^^c*. B!iiam7©«iii©ct-5ic. B^ra^M^cs-^ 
i»raa»sgft©ip***«>4c4*«r*4. ofcj5s-3 
«REni7©mi{cj:tia. J:»j«a^<af!i5©ft© 

[0 02 8 ] 2p:^©m8 ©««{cj:4ff ^i'JS^S 
tt. Usam7©««(c*ji»r. ifsB^ra^^KS-^ 

e~>7(DmfflMU{tLmmmcm^xmmBfrz*ibz> 
mzt;tfb<Dx$>6. ccom8(ommit, irfB^7© 
imfc*vmi&miw&<mm¥&<D-mzm ate t> 

[0029] *i6w©»9©»tt{cj:4w *«De*a 

«. «WB»7XtiHI8©«*Kte(,»-c. «rei«IIMiCtt 

^**»4«HBgw©w©eB4Lr, «rejmkft# 
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[0030] c v>m 9 ommoj: >y icmmmmgzn * 

[oo3i] xmiomi o<Dmmt&z>m&-m%iim 
». mtimsoimit^x, mmmmmmmit. mib 

[0032] com i oommo) jz'jt.c, mumtbx 

co&it. 'imtz&m&t l c^x$>®mx$> 

[0033] *m<Dm 1 1 ©music zzmz-wmum 
«. ffium9<Dimict<$^'c. mzmtmmmt, mib 

Z^tsb<DXhZ>. 

[0034] ^wmftmm&mmhtxx^httfr 
6, mm&m&^mmz^cDizy ~v 3-gmb-cm 

•yj-oizlctDM&Zfn? t- * ©ffeicgiK f - * 4>Jlft 
*. «rK*9©**©J:5K:. *M&j|^ja£%iA*jU 

it*jB«»<i«fc»f3e©5e»ii (o^i;tf) **m>. c 

*T4i^lBfl!«*fflaEa<SSci*s-r#. ot»r«. 
«fc o ffi^m < tt*5£»©jp#£iW5rr * c £ * . 

[0 0 3 5 ] #IPJ©lfJ 1 i2©JB«K«fcS/I*ft|?g*ffi 

». SuiB^4©.^i(cfc^r. Mia/s^^^&^BufBS 
i?iBftS'jB#^^ff^7 - x.m&bxmcmm 

[0 03 6] »«:!*»■*■* J: 5 fc. *lNHi©0BS©ffi 
*. IIC91 2©MK©J:9(c. lti'J^5>J^%7- 

X, »M5EiBKDW***«)SCt*srtr4Ct*s. WE 

[0 03 7 ] 43HI1©* 1 3©»*K J:S*#*je#i£ 
«. ttESI4©»ttK:tel»r. f«fB/¥#£#a!>£i!iiIBg 
»tt. SiifBftl'JIS^i»£7 - x^ft LTff fcjjfSE 
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m&mcoimtm&wmmmBz ?-v xg& l x 

[0038] C<om 1 3©SBSK:«fc&l9*«3e&j*»fr 

[0039] *»»©» i 4©««k «t4j»*«5e&ffi 

«. iiufBJfn ftSJff l 3©i»rtia>©fl*ttK:fci»T. mi 

Ka««e»^i^"c*4«>©r**. 
io [0040] laiam 1 amu 1 3 ©««-*?». waofc 

cfc 5 KWWeilltt^x^KIRjes ti4 fc©T»ftl>*«. 

C i3jJr*T«flK>fSift*l»±"J-* C 
i*ST#Sfc«>. ■J»x-»N©W*tBS«:»3i'C**. 

[004 1 ] #IHIJ©SII l 5©MWcJ:&*»mRK 
tt. W!^»©J^%ilBE-r -5 w^jw^a-r* o -c , 

(a) -f ^*?>w*36©^»4M«£»&»i&a&4 
L,rm^©3tSS^>g-ciiJ^-r 6 f- 5-^1/ y / 

SKcj^tfttashsrw**©, «»^s©nf^?iMB 

i . ( b ) fulBltffl'J^^J^KS^^r . fulB^I'JS 
i»©ff***«>il?*B{»S|5i*«*.ytt>©T*i. 

[0042] *%m®% 1 6©j8aK«fc4w*«j^a 

«, 151301 5©JB«K*il»t:. ffriBJl^^fSPts, if 

ctiM^UK^(c«5 1 »t m^r sa»©^ - x h f B i© 
mrsmcm^x, wiB«jW5t»©j»*4**st©-c 

30 [0043] #&BJ3©31 1 7 ©flMSK <fc 6 JV*fl!l££a 

«. jWB»l 5©»*k:*h,>-c. milBi»*S{ffgi5«. 1? 
fBfi-i'JB#,WMff^cfc^-c 1 »aR:ffl?i-r*^-^ h t 

2#Bicnra-rs'<-x h <h©ra©u#raMtc»-^t>T. 

HUfB^S'i^©J?^ : &*&-5*>©-e*4 0 
[0044] *^HJ©^ 1 8 ©SS«(C xzw-frmimm. 
\t. pia^l 5©J8«K:*j(,>r. BulB/?^mffgp«> if 
IB*SS±tc MI3»JS^(cf^^ T »f5£©K*4*EB L /c 
tmx$> pB^8S±{c|«IB»J^fc BufBsm fe 

40 »KT*ffi3tl*^^^*©. WM!aS©l*^IiS»T 

[0045] xmxom 1 9©.«stc zzmzmssst 
«. m&m 1 8 (DBMicte^x . mszmfrmwmt. m 

xmmtmm®'*-* v tmmmimmimick^ 
xtimtmm®'*-* v tomommmicmi^x. 

[0046] *^hj©^2 0 owm&zm&fflmm 

50 [J> 11891 8©»*K*Jl>T. BUlBif^ffgPtt^ B« 
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tomommicm^x . pib&«»©j*#£#s!) 
[0047] *mxom2 1 cksw&iaj^igg 

«. itffEJ&l 8©!iJ§&c:tei>-€. mflBJI&atffgp&i. iiu 

mm t wmmmm&?mB*7 - y x^& u-cf# /ds& 

g«©Slip§£ ©JfC* s Ji$i&<ft?©JliPi3;*#& s 

, mMmfom&ftomm * 7 - y x^ 
[oo48] xmomz 2<Dmmt£t>mm\imm. 

»». rnriB^^^© tr- *©B#raw&{&MWttK: 

[0049] *»h©»2 z<Dwm.iihw.hmmmt 
\t. mzm2 1 x»» 2 2 ©awtcfc i, >-c. iuibji^bx 

*fT7g®I»*£#. lil^rag&i^ffiJHfttt. if 
[0 050] $^W©^2 40JB8MC J:S0*M3Sia 

», srsE»2 3©js«tc*i(,»'r. ituiBp^sastt. stria 

[0 05 1 ] #f&BJ©3f 2 5 <D.«tR(C «fc « JV«4n^EK 

». pis^2 3©.«ttic*st^-c. mmvmmz. aria 

*4g«tt«WK»r5i©Jt»* (0*£fc> £fi7fc© 

[0052] *iwi©g2 zommc&zm-mmsm. 

fBtt«>JB^M£ 7 - y x^& i/r#fc«a»ttff© 
ttffi&flmESWll3»*l8SB£7 - x^ft L-Cff tc®$. 
»tt?¥©t4ffiiK:S-5i»T. iiyfBJS&£#&S &©-??*> 

[0 05 3] *^©^2 7©J!8ttfC«fc4l?*i!C^K 

tt. i9SE»i8©s8«tc*ii»r. Buia/f^mffSPtt. m 
mmmmnma 7 - y ±mibx&tcmmmmi(D 

H«»©(MB£©Hfc8^H»T. Hi)iei?^^*&-54>© 

[0 054] ##6W©»2 8©^«{CJ:5/l*a'J3£gg 
». iiisfijfll 5 75MH2 7©t>rti*>©»««:tei»-c. 

[0 0 5 5 3 «fE»15 7iS»2 8©MWKJ:ntf. ff 

tern i TiMSfi 1 4©»«{c jcsfli^iiBe&ffis-eti-en 
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[0 0 5 6]#»JB©»2 9©B«fcJ:S$x^tt» if 
SB3! 1 Jbmm 1 4©t»r*ifr©»if««K:J: £JI#«'J£ 
*ffiCcJ:*)l»**WJEStiytfe©r*S. 

[0 05 7] -i/x^tt, — ttWK:. $S^©/c&(c«© 
J¥<&«e£*i6o C092 90fi»ic < i:4')iAB l 

[0 05 8] 

io [&eB©Hft©0«] WT. **WlcJ:SW*ilI)e&ffi 

out. affl^#BSLTi^Bj-r^o 

[0 0 5 9] [Sn©HJ6©J$B] 

[ 0 0 6 0 ] 0 ltt. *^BJ©m 1 ©Xft©£tttC £ 4 

j**a«e*iiK*t^WJc*-r««flWciar**. 02 

(J. *H*fe©ff^(cj:€,/f^IiJ«^g©$)Jffli • jSS^a 
SP2 3©8if^itM7D-?- + - hT*-5 0 
[0 06 1 ] *SaS©»*fcJ:*flM'«!l3^B-c'tt. 0 
1 tdrrf «fc 7 fc . U - if i£ffgft> 5 % & 7 x A h #sw 
20 ^^*>e>ScitSti/c7xAh#^;i'^L 1*5 > tr- 

AX7*y 7 ji2t20©AjW^L2, L3&C#ffl;S*l 
S. 

[0 06 2] -#©A;l/*#L 2 tt % r^;U7ft2££ 

mtcih<D#yy'^)i>x (jWzBWt) c© 
^>7Vs;UXL2B > ?a 5^3 9^3 s» f>^*$ 
ttfcftK:. ¥ffiS*fft4, 5. 6^gr. f^^;b7^ 
^fes?^*^^,, ft*©'****!. 3 tt. 
7^ - ;l/X^^tB-r-5 5''f 5>7*«:^«&S7 , a-7*^;U 
30 ^ (■y->7*y>^^ , ;i/^^) i^c5„ C©7*a-7'^ , ;l/ 
^L3«, ^ffiS*t^8. 2tt©¥lSS««*«a*^to 
3tlTife^BJKl^9, SO'¥ffiSl!f^l O^ig-C, 7^7 

[00 6 3] 7^-7*^-^^ L 3 ©^g§±(C|Bg§n/c 
nJI5^9 «. W8P • ?H^MSg(52 3KJ:S«SPTT. ^ 
WMil 2KJ:i3^EnX^|aI^ttpJ«li^o-CU5o 
*mm9<D®n&lC&CX> 7-p-7-^-;UXL3©^gg 
fi*J^to 0 . 7 , P-7V"0l'* L 3 J^tUS 1 1 ^§'Ji§-f 
S«Flffl**iBi-rS. Tftfo^, *H*6©»»-Ctt. bJB& 
40 ft 9 RO'^SSSI^ 1 2 35^ 7*0 - 7VS;UX L 3 ©B#Fiii 

[0064] 7 Kai*in/C#> 7V^UX L 2 &t <fc 

W-TS. f-5^*^^AX*L4 tLXit. 0*30. 1 

xio 1 2 ^eiooxio 1 ! ^frytxomimm 

«©3bwa*l/i>. c©f7^;i'7^ , ;W*L4iJ, A 
IBM 1 3 . 14 £gTJtefctfi«KiUfcS*i*. *Hife© 
jmX'\Z. C©g*ffiBK«. ttg@M2 0©SiJ«gP(4 

*«gsn*. *mm<mmx\z> mm®2o\z. 
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[0 06 5] »J^2 0 «KILfcf'5^^-»'«*^ 
j£L5«, fflffigil5, 1 6*M-r. ftttiJSl lKJ:?) 

[0 06 6] 7*AH^A;^*jSi}5»6ftl*3tiS7 
xAH»;^*L lQ>M9iBUima. »KHz*6 

3fiif'5'v«'?AW;*#L4fe. »KHz#»6MHz 
*-y-O«0iEL-C«*3n*. JifiE©&£iii§l IT 
tt. COf7^*7^*^*fl«»iWStC. -tO^tt 

[0 06 7] utcffi^x, xmrnomm-cte, mc$tm 

Of 7^;l/7^VW*L 4^ISKH z *6MH z f 

-©» o £ o t?a*-r s c i * wffl i r . ** > 7 /m- * 

L 2i7-a-7A-jWL3 iomieciSIBiajgfcRWTf 

S'Ml^UttHSl 1 *fB»S 5 >df*T#fc 
*y/W*#L 5<Z>SJKUS«ttitt8 1 1 T-»t'# 

* tC^x. £ C i ft 6 & l M8EI$I8I)I£&K 

t: i ©i$£©«js$&&4*tu£ 1 1 hp hmmm tbx 

&g©iWM^E ( t > mm-rz c * 0 
[0068] ^ 5^;u^*masi i». 7*p- 

&„ c©£*§i5£sfts«isj (t)«. -t^-mi^a 
^*3fc©**E ( t ) £Mta* * y 7©;fcfi^gg 

(t -r) ©=!>*"'; ^—>a>-C«. J (t) = 5 
E (t) g (t-r) dt©J:^Wtitn„ 
gg (t-r) aWfrMgrc**©-?. jHJ£Sftfc« 
*ffittfil*-f § r 7 v >Vl> * % L 5 omimM E 

(t) (CJtWLfcfcOtCfc*. $ffi81 l*>6©«»fi 
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#tt. Hflf32 l-CifSSnfefttC. A/Dg&82 2 
[0069] JfcHSOJBJBttt. f^'Vl^'W^L 

$<Dmmm>n&9W&E (t) ©ttiw^Ktt. sua 
• mimesmz 3 a*, mam 1 2 fc«i®m#£^* 

&H2 2 ^eof 8 -* %iww • ?s#^agP2 3^©0^ 

10 ( t ) f - 'J Kftttti. 

[0 0 7 0] CCT'B, 16487 i^ffi8 1 1 £©ffl© 
im, (*Ht6©J&JSTtt. HlKwrJ-f-^*^^*^ 
7feL4©*7t{4g) (ctAMSW2 0#ffiS3ftfct£« 

*©«*B3iiK©^*5!l«9^E ( t ) tHW*ft*itt$ 
E... (t) £P?£„ 

[0 0 7 1 ] «±©ltti!IJ*6to*>4J:5K:. **SS©ff$ 
JfrCtt. «r»LfcSJRl~16. 2 1, 2 2> #C«C % 

©j® • is#^agP2 3 ommbtc^mmn 1 2 (dmmbi 

20 j||RC)eA/D3Sft«2 2*>6©f f -*W*)ii*«lll*«. 
tWW*Wi«9^E.„ (t) *fltf»**tHP**?>l«g& 

K#»*««ori»*. mm- : <%nmm2 3», sbs 

[0072] cct?. ^Ufi©j^»t?Sfflsntt>s. 
m\m&m&E„. ( t ) {cs^t»-r«sw5E!»2 0© 

[ 0 0 7 3 ] 03«, ***6©^JC*5^-C^(Cff e> 

ftfcftiiB#.«^E st . (t) ©-0U^-r^0r 
30 $> 6 o m 3 ec^-r mimm?mm e . . . ( t ) tc 

xh [1], [2] *<ffl3i0rte*). l#BtctU9W5 
^'-^h [1] i2#Bfcffl«-r4-''<-^ h [2]©* 

[0 0 7 4 ] tftfc©^*-* h [ 1 ] , [2]©^g^ 
3Sc*«tC-5l>T. H4*#J(SUT:ttiH-r*. 04 (a) 

-(b) immi£®2 0(Dmm&mm(Dm*zm£M 

iCmtm-C&Z. 04 (a) «M» 2 0 AWT h 
=r =y ^JU 7 x**#© -5 %M»J^ 2 0 ©rt gprSW-S 
fKaiir***^L. 04 (b) BMM2 0©rt 

40 «r2@K»Lfc»«:aa-ra#*^u 04 (c) « 
^s«2 o©rtap-c4@s«ufcaKajir**%^ 

L> 04 (d) ««8H5i«2 0©rtire (2M-2) 0 
gWL3taKjSjft-rS**^0Tl>S. /cfcL/. M«l 
«±©S^r-*S„ H4*»6to*»S«fc^K. 04 (a) 
-(d) tcw-r&*tt. ttfflCEft 2 0 *-€■©«*(!©■€■ 
n-etx lfg. 3f§. 5fg, ( 2 M - 1 ) ffi©mKt}3 

mn, mmm?mBE„. (t) K*»i>r. 

m#g©^*-^ h [ 1] . 2#B©><-* h [2] . 
50 3#S©^*-^h [3] . M#a©A-^ h [M] il 
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err s*©Ma>» 2 o fovomimMmm-? zct 
&ctB^T£A-x h jp< ffija-r 

[0 075] «»©/<-* Mffl©ffljiaii&t©gtt]¥#d 
©<&«?* Sfc». fWJB$^»E,.. (t) KfcW 
*«»©'<-* HH©^mHtt. «j»3e*2 0©Jl#d 

lfflll3&>6W*d4JHH-rsci#st?*S. 10 
[0 07 6] a3fc^fct^(C. m©/<- 

*Ml] i2*B©'<-*h [2] i©|ffl©B#IBiiA 
t , 6. TfSlfc 1 (C cfc o "CttiW€«1 2 0 ©/!# d 
ftif £ Ci#-CS4. Klfcfe^T. n««El$52 0 

[0 07 7] 
[ftl] 

cAr. 



</ = - 



2n 



20 



[0 07 8] «»©-><-* h|ffl©B#|flia*3fc«>*K:Bll/ 
T> H3K5Vrj:5«:,' HKfctf 

h©|tfEB&£i U Cft6©ttiJPM 

©H4Lr«».*ci^ #*u». c©t*. t^-m 

©W*d*jWJT4CtJ&«t?*4. mtf. l#B©/< 
-XF [l]i 3#@©^*-X h [ 3 ] <b©Pa1©B#P^M 
*m>TfcA»d**lfiTSCi#rS4. OfrbKUfi 
6, ^<a«-r*><-*hH£*©*&3*J**<&-? 
-Ct-*t>**<fc9. Wffl-TSei 30 

lf*d©i«3gHa*Ba&s±T. i#a©^'-xh 
[ 1 ] i 2#B©A-* h [ 2 ] i©Rfl©l5ffflMA t , 

[ 0 0 7 9 ] Jfcfc. Mfll • ft*«38|i2 3 ©«rf^©-« 

K^>t. 02*#BSL/-ci«Bj-r§ o Mw-mnum® 
2 3 » % ttff zmm s i , *r, «k»w ofctnwtt 

fftCfcoT. H-S>JB#^'ME It . (t) *tHM-T4 
Ur* 7's i ) „ tiffin • ft*ftUiaS2 3«> 

l-CfWcttI«^'M0E, ln ( t) *P60 40 
3*©l3lffliSAt, Uf-^S2) . *© 

W8P-aW«9iaJ2 3tt. *?-5>?"S2-C»fcl3m 
MA t , ^6WiBtt 1 fcfito 2 0©Jf#d * 

#tUL (Xf^7*S3) . #tHLfcJ?&d£CRT^© 

[0 08 0] #fSJi©J$RK:<fctitf. f7^;V';^'JM 

?t*»j^2 o {cjsitr *c i«:«fc oa«ce ! »2 o £ 
o ©w# d h c i #-e * . »aj£« 2 0 ©m« 50 
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» 2 o * x/<» i ucm&icit. mmmtft 5 mm^ 

[0 08 1] [»2 ©*»©»»] 

[ o o 8 2 ] 0 5 «. m2vmM<mi&ic£zm&m%. 
$m<m\w • mnmrnm 3 ©j&fla&m-riws? a-* 

[0083] 44tll©$&tc «t S/P#i)3£ggjWiB3l 

1 ©mt©^»iSJEc-s3ftt. mm ■ mwmmz 3 © 
[0084] s-r. *jnfi©^«^fflsn'r^s. it 

S'JS^^ME,.. (t) K£-3(,>TttM&W2 0©Jf 

[0 08 5] *3W6©Jg«-Ctt. I64S7 i&£iii§ 1 1 
i©na©*»±{Cta3HSgift2 0*EKL&l»«a8T. It 

i«»;e,.. (t) (Dmstmmic. 7-7^7 

^•;l/^©m«^a©B#S^i»E (t) *. ^feU-S'J 
l/C*<. CO^»E (t) fcgfgB^JSgBE 

r.t (t) iff A. 

[ 0 0 8 6 ] M 6 tt, 45Ut©»»{C*H,>TjQR{Cff 6» 
tiittt«^ME,.. (t) SO*K*f^W»E 

r . f (t) <D-m*^?mm-cs>*>» ms^mmn 
miw&E st . (t) b. H3*©ttaw^«E s ,. 

(t) i|3|-r'*s. H6«:tei>-c. [l] ' tt. S¥ 

V&&WffiE rm r ( t ) fC*JUT l»BKHHIt,fc't- 
^h*^"T. *Wt©»*t?«. S«%Wi»E r . f 

( t ) tm&m±tcfflm&ii2 0 ^^©pii^iiegu 
&t>rtHH3tifct>©-c**©-e. *W^f^»e 
re , (t) {c«2#ay^©^-^h»?¥SL/!ft^. 

[0 08 7 ] tiWKWe^E . . . ( t ) ZWc i * i 

a«i$s5y«gBE r ., (t> *»/ti*i-c». « 

^2 0©/S^d(Cte#UT. l6iS7 36>6tftfflSl 1* 

E„, (t) {cfc^*i#a©A-^ h [i] ' i. c 

©^'-^ h [ 1 ] ' K»j&f 4IKW*W»BBPE 

s .. (t) KfcWSA'-X h [ 1 ] i©P^©B#p B ^At 

2 ( m 6 #Jf§> «> 2 0 ©W* d ©tit 

ctifivt, ^©»2K«e^T»arsc 

i3ft«-C**. »2tC*5t>r. n»asW3e»2 0©ffl»T 

C ti^jI^TSfo 

[008 8] 

c 



-A/, 



(«-)) 

[008 9] i C5t, buIB^S§±(C»J^2 0 fcffe 
©K»feE«0«cl>T«»JU»»E (t) zmitZt 
(,» 5 C i «. MS'J^ 2 0 ©Jf * dip] DJf ^-C)S»t$ 
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tcft^X, Wmim 2 0 <DRt> <0 tc . gE*a©JS#» n ' 

B#S?i»E ref (t) ittlwfcJ;i>ciW 
4. C©*§£, *i*B#^i»E ref (t) tCfctfSl 
#@©A-X h [ 1 ] " 4, C©A-* h [ 1 ] " fC*f 

m> urn 2 o ©j»& d znm? z c &wv z 

[0090] 
C»3] 



d = 



cAt 2 '+«'</' 
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HAIBimflcilOlc 1 Wa*)<DhX 



10 



[0 0 9 1 ] IJffi*B±{c8?ffiSm*ESLfctB^©S- 
iP#&?'»E r . f (t) £*J5« 
KJ:f3 2#S^©^-^ Yifi\m?Z>. C<Dtc&> ffl 
*.«. S$B^M0E r . f (t) KfctfS2#B©>< 20 
-X h [ 2 ] " 4, C©><-X h [ 2 ] " K*tj£-r£it 
fP$S?»E 5 .. (t) fCfctf-S^-Xh [2] 4© 
H©l$fS!£fr 6 » M»2 0 ©IP* d *#aiT £ C 4 

[0092] *jisi©^fcw5iij® • mwam 

*. *w-s»*ai»2 3tt. »ff*B»ftr*i. $ 
•j*. ftS'jB#^ij^E,.. (t) (ommtmmomi 
s&f^cfco-c. s»B#^iME ref (t) zmirz 
(zt-v y's li). 3ct»-c. mm • &nmm^2 3 30 

tt. ftS'JB#^i»E 5 .. (t) *tf-«L (Xf-^^S 
12), ^?^S11, S 1 2 T*ti-eti»fcB*S5!l 
fflgE... (t) . E ref (t) *>606f©l$lfflgAt 

2 Uf^sn). -e©& twai • mff-fc 

8gf52 3tt. Xr-^'Sl 3r£fcB$IHIMA t« *>6»T 
f E8fc 2 Kffi 2 0 ©J?# d^^tiiL/ {Xf-v 

7'si4) , nmb tc&fr d ^wm 2 4 tcgi^ $ 
Wfj^S 1 5) . »ff*»7-r*. 

[0 0 9 3] tt*5. ^7-77'Sl 1 f2tffigKg«2 0 ©W 
*jH5£©lSKtf 5 i&Sttfc < . *t©*K"CfT-a "C J: * 40 



buIBS! 1 ©^fe 



[0 094] ^HSC^SUcfcott). 
©»«4 0«©MMi*t»6 n*. 
[0 09 5 ] [*3 ©**©«*] 
[ 0 0 9 6 ] H 7 tt. SSI 3 ©HJS©^SfC J; &/¥ 

[0097] xmMmmc&zmmmmwmmn 
1 (DW&mmtmttm^ mm • 3 © 

[0098] $r > *^st©0girsffl3nTt,»5, it 
«^«e s .. ( t ) tcs^i»ra«is«j2 o©ji 

[0 0 9 9 ] #HJ6©j$Krtt. g)5BJB2 ©IUfi©J&« 
40«{c. f&£3§7 4$ai3§l 1 4©IH©*K±«c«W 

jew 2 0 *Es t,&t4»aB-c. »w^'»e 

r.f (t) **»tf«t/C*<. 

[0100] mmmm$MME rm , < t ) tcoi>t. * 
©fUr«*3ft*<fcV.c7-!;:c£**ISfTbT» # 
jsffl mmm) mm 1 e,., (&>) 1 tme 

r . t (co) *f§*. S/c. ff#JH#^»E,.. (t) K 

our. xomvnm^ti^^^uy-o^mm 
nox> mm \ e„. (©) 1 tme... (<») 

(co) ». sfcrOfeff*iMH«ttV». 

[0101] 

[K4] 

£•(0) = — j£(/)exp(/ty/)rf/ = |£(o>)|exp[/^(o)] 
Ik _<s 

[0102] $ e>(C, #©»5 tC^oT, ^«'JS^2 0 
©^*Siifsaji$ t (eo) 1-ttt>%. £(§l 

E... (co) I 4Jgifal E„, (co) I b^hhWHSk 
fi^T (co) *f?S4 4fe{C. ttffle... (co) ifitB 
0 ref (co) ©M-C*€»{4tBM* (co) *HiS 

mmvit. fiffl^</» (co) tt^rutfli&siWtta 

[0103] 



E n{ {o>) 



[o 1 0 4 ] ^ur. *^te©^-c«. ^ifaSii^T 
(co) {coi»r. *©»6T?5£asnSJ:5iQ:7-yx 

SBft*»fLT. ^nmm^s <t) 

[0105] 
[«6] 



5'(/)= J7(<y)exp(-/'c»0^ 

-00 

[ 0 1 0 6 ] m 8 ( a ) ( b ) tt. iKM$X3ltt$E 

s .. (t) so'*^B#^'J^E r . f (t) 

50 mX'&Z>i$,^cnt>tltc. H*S®©$T (co) RO'HU 



(11) 



19 



[0107] JgiflSJI^T (ft)) «. I E 
,,. (co) I ijgifil E,. r (©) I &JfrC*3©T. ft 
«B£«te0©JI#d©fll**^Ltt#6. f6££7^ 

&UB3§ 1 1 tt<D®<Dyffl<D%¥tm&m(D§m&8M 
3titi>*. -eu-c, ^i»s (t) ». sua 

(ft)) £7-'JxgfcUc&©-C*£toi>. f7 
t,fcfc©£tt4. 08 (b) tp<OV-i>L licmtltd% 10 

ma 1 1 , . #©» 7 *> hmmm 2 0 ©ji& 
d*»m-rsc 

[0 10 8] 
[*7] 
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